
AD-A099 298 NAVAL OCEAN SYSTEMS CENTER SAN DIEGO CA F/S 17/7
NAVTOLANO MICROWAVE SCANNING BEAM TESTS AT NOSC. THREE LANDING -- ETC(U)
FEB 81 F E MORRISUNCLASSIFIED NOSC/TR-646 mlll uuul.inmum

IIuIn...IuIIm
*lllIuullulum
*llllmlllllim
IEEEllllEI-EIEElhhlhE



000

NAVTOLAND MICROWAVE SCANNING
BEAM TESTS AT NOSC

Three landing guidance systems tested
in a specular multipath environment

0

FIE Morris

February 1981

Interim Report: November 1980 - January 1981

MAY Prepared for
Naval Air Systems Command

Approved for public release; distribution unlimited.

U. NAVAL OCEAN SYSTEMS CENTER
SAN DIEGO, CALIFORNIA 92152

81 5 z6 9



NAVAL OCEAN SYSTEMS CENTER, SAN DIEGO, CA 92152

AN ACTIVITY OF THE NAVAL MATERIAL COMMAND

SL GUILLE, CAPT, USN HL BLOOD
Commander Technical Oiractor

ADMINISTRATIVE INFORMATION

This work was performed under NOSC Project CT37 for Naval Air Systems Command
(AIR Task A03P-03PA/003C/IW0570-002, Work Request IOR N00019-8l-WR-1 1203, Program
Element 63203N, subproject task W0570-SL) over the period November 1980 through
January 1981. NAVAIR NAVTOLAND project engineers are TS Momiyama, ADPO-18, and
RS Niemczyk, AIR-53355B. NOSC project manager is SK Miyashiro, Code 8216.

Released by Under authority of
DR Wehner, Head JH Maynard, Head
Tactical Sensors and Electronic Command Control Electronic Warfare

Warfare Division Systems and Technology Department

ACKNOWLEDGEMENTS

The author would like to thank Kenneth Sliegus and Wayland Carlson for their
participation in the tests.

L '9

i



UNCLASSIFIE D ___

SECURITY CLASSIFICATION OF THIS PAGE (*hien DaenI orte,.d

) ~ ~ ~ ~ ~ ~ ~ ~ ~~~RA NINSOAESANIG~A ET T OC nei eTRUCION

9 PEFO RING ORNZTIOCUMEANDTADDRES PAG. BEROGRM ELEMPENTIN FRO RM

I REPRT NMBEROVT ACESSON N. 3 REA & WORK UNTO NUMBR

Naval Tecenan SysempoCte 63N WTR 46) -

4 COTOL N OFFIC NAMEile ANSDRES. TYE O EOR ATEO CVEE

NavalWAE CNNN AirM System AoTan NOW Febay 198 aur 94

7ahntn AUT20361 IS. CNTRACTOR PAES UBE(*

4 MONIORING AGEANCYAi NAME A ADDRESS PROGRAM,- ELEMEN, Co,'~~. OPRO.e ES SEZRT CLSS T,, I e AS

6323N DECLASSIFCTOL ONRDN

II CONTROISUING STATCEME AND ADDRES 12RPORTDAT

AprvdWr ulcrlaseigtn ditihto 2031l.zUMERio PGE

16 DISTRIBUTION STATEMENT lot thi. Rbe,(,ne~ lk2 I lin rn eot

18 SUPPLEMENTARY NOTES

19 KEY WORDS rConrlrtuo on, rev-erse side If necessary and Ident ify by block number)

Aircraft landing guidance NAVTOLANI)
VTOL aircraft Circular polarizatioln
Ku-Band transmission Specular multipatli
Pulse-coded scanning heani

20 ABSTRACT 'Coneir.0 -I *e.area ad;e In.-Casery and Iderilfy by block number)

Results o~f testing Ku-hand pulse-co~ded microwive scanning guidance systeln concepts are reported. Three
different systemns were tested under conditions ol severe specular niultipaib. It isI concluded that Ku-Band antennas,
w;ith elevation and ainuth scanning hewnwid!~is as wide as 4 and 6 dleg, respectively are adequate for shiphoard landin
guidance systemis and that circular polarizatiton and an elevaion scan technique at low-angle-beamn cutoff anid miatheinati
ical heamfitting are effective solutions InI iultipath prolblems expected for a Navy shipboard system. Additionally.
I - andi 2-pis/dcg coding was tested. No difference in accujracy was founld.

DD ,JAN",, 1473 EDITION OF I NOV GS IS OBSOLETE I INCLASSIil) IA --.

NI12 F 0 -t SECURITY CLASSIFICATION OF TNIS PAGE (Me. Dets Effirt@,



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dta Entered)

N 0102o -LF- n14.6 6 01

UNCLASSIFIID

SECrURITY CLASSIFICATION OF THIS PAGEMern Data Entered)



CONTENTS

SUMMARY ... page2

INTRODUCTION . .. 3

TRANSMITTEIR ANlD RECIJVIN(; EUIPINMENT... 3

PACSCAN . .. 3
Tactical Landing System (I LS) .. 5
TPN-30 ... 6
AlL Receiver-Decoder.. 6

TEST PROCEDURS... 6

TEST RESULTS ... .6

Introduction .. 6
Circular versus vertical polarization of elevation data ... 8
Enhanced versus uncuhanced elevation decoder .. 8
PACSCAN-TPN-30 clevat ion angle data comparisons . 9
PACSCAN average elevation data corrections ... 9
Azimuth data .. 10
1- vs 2-pu sldeg Coding 10

CONCLUSIONS ... I1I

APPEN DICES
A Elevation Angle Data ... 5 1
B AlL Equ(jLipmenCt (PACSCAN. ILS) .. 81
C NIRAALS TPN-30 .. 0

t :0'



SUMMARY

PROBLEM

Test and evaluate microwave scanning landing guidance system concepts in a specular
multipath environment for application to vertical takeoff and landing systems aboard small
ships. Specifically, evaluate circular polarization, relatively large-beamwidth antennas, and
mathematical signal enhancement techniques.

APPROACH

Three different systems weie tested at the NOSC range under severe, controlled multi-
path conditions and the risults analyzed and compared.

CONCLUSIONS
1. Both circular polarization and low-elevation-angle enhancement techniques contrib-

ute to solving the problem of specular multipath.

Antennas with elevation and azimuth scanning beam widths as wide as 4 and 6 deg.
rcspecti,.ely. are adequate for a shipboard Ku-Band scanning beam landing guidance system.
Existing Navy and Marine Corps Ku-Band scanning beam systems have beamwidths of 2 dcg or
less.

3. Comparative tests were run on ]- and 2-ps/deg coding, and it was found that there
was no significant difference in the accuracies of the two.



INTRODUCTION

During December 1980. tests were conducted on three diff erent microwave scanning
beam landing guidance transmitters at the test facility at Naval Ocean Systems Center (NOS(I.
'These tests are a part of the testing which has been done for the Navy Vertical Takeoff and
Landing (NAVfOLANI) Project. The test facility has an approximately 160- hy 160-ft
ground plane, over which controlled specular multipath conditions can ie achieved.

The t[ ee transmitters that were tested were the Airborne Instrunent Laboratories
(AlL) PACSCAN Unit. a highly modified Tactical Landing System ILS) elevation unit, and
a Singer-Kearfott-produced AN TPN-30 Marine Remote Area Approach and Landing Systems
MRAALS) ground unit. All of these transmitters operate in the Ku-Band and are scanning
beam devices that transmit coded pulse pairs in such a manner that they can be decoded in an
airborne receiver to accurately determine the elevation and atim u th angle of the transmitter
from the aircraft.

Three special features were available for testing in the AI L equipment: circular polari-
zation of tle signal: a special low-angle enhancement technique, patented by AIL: and the
ability to change from 2- to I-I.'deg coding.

-fhis report will describe the equipmient tested and its special features, present the data
that were obtained during tile tests, and summari/e and compare the various techniques and
devices. Three appendixes are provided. Appendix A contains comprehensive plots of tile tet
data, Appendix B presents a description of tile AlL equipment. and Appendix C describes in
detail the TPN-30.

TRANSMITTER AND RECEIVING EQUIPMENT

PACSCAN

The PACS(AN equipnent (Fig I ) elevation angle coverage is from 0 to approximatcly
16 (leg. The azimuth coverage is approximatcl. 30 deC to either side of the center line. lhe
beamwidth of the elevation antenna is approx iniately 4 deg at 3 dB down and the sidelobes
down 25 dB. The a/imtith antenna has a beamwidth of 6 deg at 3 dB down. file polarization
was vertical for the tests, even though PA('S(.AN is normally horizontally polarized.

The PACSCAN Cquipmenl teat ures a special, patented, low-angle enhancement mode
of operation. Iii conventional scanning beam equipment, tile elevation angle mtst be scanned
at or near zero to be able to decode low-aingle data. ie Al L system elploys a techlnique in
which the elevation-angle transmitter is cut off at ,;olle value above zero and tile airborL decoder
determines angle position by means of mathematical beam fitting on the partial elevation beam
received at low angles. Thus one is able to decode angles at elevation angles less than one-half the
beanwidth of the transmitting antenna. In this prototype equipment tile cutoff angle is
variable in 0.5-deg steps from 0 to 6 deg. Ihi provide S a meMs of controlling the luntiltipathi
reflections by eliminating theml at low angles.

The update rate of the equiplment is four time,, per second Ior the elevation alld a/imu11th
angle data.

The equipment can also he si inpl. si iched to provide coding of either I or 2 p s deg.
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The TL~S % as cqu i ppel \it h a 4-dicg beami, measuired at til 3-d B points. and is
ciIc u Ia ri polarliCIc. The ,Canl rate ot, tlic antenna is, 4 liz,. The svsteni has ai coigp'IsU de'-
and has sCIeCtable 0.5-&L' cntUotftip) 0 Lie'-. Figure to 1, a phottograph oh' tite cm.rctirh\ polar-

TPN -30

Thle Marine Remotec Area A pproaich antd Lin ding System iN IRAA LS ) TPN-10 tians-
mit ter w as developed by Si nger-Kca rfot t for tile Marine Corps. TheC Un it hads a -deLg bea in-
wVIdth inl hot11 hlvationl anld aiutI.It provides cevt ion coverage tromn 0 to 20 deg and

a.'iuth overgc f ! 0 d F.iTe scan rate is 7.3 H,/. Teuiis shown inl Fig 4. and desert p-

live intformiat ion is presen tcd inl Appenldix C.

AIL RECEIVER-D)ECODER

Thle receiver Used inl all thle IDecemlber tests Was a Modificd A RQ-S, I front enld. The
deoder is broken into two parts, onec of' whichi is thle ARQ-31I interva tracker. The second

part is a Texas instruments S1319900 microprocessor. which provides _'k l I,\ h) h\ei ol
scratch pad memiory . The dCcodler provides bothI dlit-ital and anadlog outputs. Addit ionaill\
it canl do course softe ninLe and offset calculations. FicureI 5 shIows thle ii nit Onl thle vertical
track.

TEST PROCEDURES

The tests w ere run at Btlildint!' 37 2 at NOS(. H ere there is a large wire screenapo-
iinatelv 1060 by 100 ft) ground plane. A\ track onl a large vertical. wvoodeni pole v.,I aIs ed to
obtain various elevation angles. Figure 6 is a drawkint of' the test range. A photograph ( the
rangle is shtown inl Fig, 7.

IData were taken 1), raising, the receiver-decoder to approx imatev 23 f't then h .,veri uc
it inl approximately 6-in, inicremnlts and taking data at each level until the datat becamec

Ani interface Uli t provided by AlIL permlit ted diirct: interface to an 1-1P98235A coin-
puter. The raw data were placed onl magunetic tape inl the H l98 2 SA. anld plots of' thle s11o0t 11
data wereC Obtained from thle 111P9872 plotter. Fire N is a phIotograph1)1 Of this ddta-takine
equnipmntiei

A.t each reference poinlt. 100 sampleIs oh angular data1, were taken for elevation t'm Al
three transmitters and Aso 100 samples, Of' a/intit It dAta for tile P.\CSCAN and thle T1N-30.
A meIanl ind stan1dard deviationl w ere calclated tising t1 ttCse samplleCs.

'Fie data s ere taken at J 1hori11ontal distanIce ot* approximately 131) f't. Each of' thle
traiisniitters was either sittfing,, direct lv onl t ie ground plane or elevated -7 f't, 8 inl. off thle
grounld planle aid sit tiney onl a woodeni box in file back of' a stake Ituck. This SetuP) is shIown~
in Fig 9. A photograph of' all three of' tilie t ransmittler's tested is, show\n inI Fig 10.

TEST RESULTS

INTRODUCTION

TaleN I lists tile rIms' Made durling _ thi1s series 01' tests and summnart,'s the importaiit
factors iii each runT. Of thie 3 1 rtmmis, oly Runs 1) and 10 UWere bad Ldta. cansed h\ anl err'or Ill

Setting thle equipiment
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Appcndi\ A coiitiiils plots tor tlic elec ation aimple data lor Runs I thiroughil anid I I
tilrOilig 3 1 l ig A- I throughl A- "). Ihc data(111 are pi,,-,ntit inI the. AppenCldix A 1o)r iii-
pIctenless. Sonme 0' thle runsl. \\ill he cliaratcriicd II I HIIS see:tion aIS .\ill be 1 lic nlp si( Ste. dLIJ

thadt [rcsont the. r'csnhts.

CIRCULAR VERSUS VERTICAL POLARIZATION OF ULVA TION I)XT

The 'ITS \\as' equippe)Id \k iii J speCcial aiteInaI~ that perr1litled tsIne,11_ :ICirclr \trstis

vertical polaritatioir. Iigur-C I I SlIO\% tile i\IC lie a lkp t ted t(I KIr II 0un aibThal ip

circ:ular to vertical polariatimn with ilec I LS transItIlIterI onI the 11at a tJe C1ntot. anld wth
nio enhancemeunt. Figure I 2' sliok~s the Stailldird des ail0IS 10r the samle RIn>,. InI IheSe. wO
figtures tlicrc is no signiticant eeC.t tronMI the p)oIl IArtto. 1:1nre ! I'C 13 and 14 reprceSent hII,
averae vluLeS anld Stanldar1d deviations for Runs S 'and 4. In1 these inn11s thle ttatlIlIIttet 55 as Oil

theiIIImat. tile eu~toti fa M,1 set at 2.5 dCL. alild the signal kkas enhlainced. Aeainn one can See ittlle
dliflemneeIC inl til hc \ 1501potai/At ions .

Fi,,iires I z and l6 ,c iet.e average an1d stanldard desIitinir. r~eSpecti\els . 1(r RunS-
'ind *s. inl kk lichl tihe 'I1.5 S a .s catod Lt ) in7. 00? thC nat with a l9-deu Cilto1 1)n the Lra 'd
node. Again there i,, not a signifjeant ipri'niclt

III tHeV net\ Mo tests I nnsl I I and 12 CILesAed A ft. S, in. t he TLS wkas pointeddos-
\kard appr,\iramtvI\ 12 de' oLSo that the Signal kk' i llj tiic h mat . Acain a run W as [A en
nIS~ic both \srtieai at1od 1Irc:lardI pola'ri/atioti noti the, iesiilt te- shosskl n i i I - tr tile iallerages
Ando InI 1I 1' tot thle stAMiJIad des atioii. Hiere tie ditteretie betweeni eire-ilr and \Certieji i~k11li/'

tionl is, pronotin ed . I hie errors ss ere eonlphetetU\ ott' scale tot thle \ertical po0lAiri/ationT Li iiiauorit
of the riii, k\ 'icrais \k Titli tile cii-Lniarf IPolar/atoll i01e dJ.Lede \\as able to) tra. -1IIJS s

iriportimit tor it recpresleirts tile eaIse ot ncat"Ive an1gc Covercle, thA \\ill be ncearsff I I the

ENHANCED VERSUS UNENIIANCED LLEV XTION D)ECOD)ER

The, AI L enlhancment tcl1niiqne pio% Ides an algriiiii that 11011iiiaes a beSt fit to the
ciiienl% elope) senlsed b\ the deco0der. ItI pet mits obtaiiiing a \salid mii\k cr for elevaiitm angles

'k" thatn onle-hialt a be,widftlr above etLitot

hiigre's I ') anld 20 prese~l itle av~erag-es and tie s Saniidrd de\viations for Rutns 1 5 and I b
B~oth runs, wecre identica'l '1nd o)it the Mat. the' (ink differoiiee being that one was \ n\ ance %%vini
the other wkas lot. A ,'ero cutl't ksas uIsed i) ll" oth CN ease, an tisl' IS selt-detCaine ' sinc the prilnar\
object is, to permit cutting oft, theL beam1 at1 Iligher ailgles. Kit it was1 doneV here tr O lpletdtIIeCCCS
arid standarId deviation colilparisois. OneC does not see anlo imprPIOVeliieit ITT the avera-Ce hereC.
Ini fact it b~etce svorse at lower a gls Ios ver. t here is a, ma rked improvement ITT thle
Standard deviation in hLb 20 oitapproxillatels t lo o one.

RnnIS 23 aiid 24 "CTre Used to againl 'ompareJI enhan11ced wkithl niihan111ced. Both these
raw, wecre takenI With the' tranISliitter' elevated to -ft. Is in. an1d the des atiol A 0 degU entofl.
-1hle results for the avcraics are shown inii ' L 21 aiid Ior The standar-d dCviatioiis ini Fig 22. Note
that below 2 dc'i. the ha -emwdhfor the PACS AN. tile nnenh anICed deCcodedL angle'I slopesC

upward EllisCL is MIse 1w llCICIneresLI\ A -C lage ortionl Of tile beamI beitlil lissn KIToT f) 10',
Cutoff and the fact that the d~codecr as erwieS ks l hat irccis ed over the eiitire iiterat. lihe
enlhanced swina proCeSS01r intiertcal orrcts tbr the Ili"Silrg bcalmsidtli ill the enhanJ~ced
ease aiid Continues to trja righit down\I to ( IC_ uleg ad beClosv\ A coilipar,11isN0 of tire standardI
deviations frr theSe runs slloskss thle strongL ilrproscilicit it1 hligherl anlesc. but it becomeis \vorsec
ait angles between 0I and I ilc. I -



From these plots one cai make a strong case for tile erihla nC.2ilCen technji(UCS, and IhJiS
will Oe illustrated further in the next section.

PACSCAN - TPN-30 ELEVATION ANGLE I)ATA COMPARISONS

In this section the plots compare the data taken %% ith the three different transint trs.
Both the PAC S('AN and TLS have 4-dee elevation beams idth, and the TPN-30 has a 2-deg
beailus idth.

The average values for the three different transmitters are shown in Fig 23. The
coinposite curve represents data from runs 2, 15 and 29. 'u toff was set at ) deg i all three

transmitters and the PACSCAN and TLS were not e nhanced. Figure 24 gives the slandard
deviations for these same runs. The average for the T"N-3U is smoe' her than that for the
PACSCAN and TLS. File standard deviations are approximatelk of the same magnitude. %kitlh
the TPN-30 again being smoother. Figure 25 sho ,, the average values for tile three trai,-
meitters for RuIns 3. 16. and 29. These runs Iare identical to the previous rlns. excelt h oth
the TLS and tihe PA( S(',.\N are now in the enhanced mode. Figure 26 sho\s the Sland rd
deviation vallies for tile runs.

A comparison of' Fig 23 and 25 shows a Slight degradation in the average valuc, 1(fr
TLS and PACSCAN, but comparison of' Fig 24 and 26 shows a marked inprovement in the
standard deviation. Again it inu,t he noted that to get tile benefit of the enhancement tccl.-
niqtie, the cutoff should be set above 0 (ie,.

Figures 27 and 28 showk tile composite averages and standard deviations, respec[i '.
for runs 8. 23. and 28. In all of these runs the transmitters ,'ere ele\ated - It. ' in. ;aioc the
mat. One can see a marked improvcment in the low-angle data for tile PA(S( A..N and the I LS.
Since bothf the PACSCAN and TLS are in tile enhanced mode. t hev track w\ell belo% the half-
beamwidth tie, 2-deg) value. The TPN-30. wNith a half-bIeanwidth valie Of I deg. shows, A
steady upward slope below that value. Tile standard deviations are approximately equal
bet ween 0 deg and I deg, and better by a factor of two at elevation \ales above 1 deeg

PACSCAN AVERAGE -LEVATION DATA CORRECTIONS

The aigori thi: Used to enliance the PACS( AN was not complete when tie unit %as
delivered for test. To complete tile algorithm, a correction is needed to eliminate the up\kard
slope in tle data that occurs at angles approximately 1 2 deg below the transmitter ele ation
cutofi value. This was not tile case for the TLS. It had been corrected.

Figures 29 through 33 show the plots for the average values of the enhanced PA(S('AN
data as they wvere taken in Runs I. 18. 19. 20. and 22 and the saeI tai aIter a COrrect'ion \a',
applied i tle 9825A cominputer, before the data were plotted. The same correction \as used
in all five figures.

The corrected average is given by

if Araw < F.it - 0.5

then Acorr Araw - S ([:cut - 0.5 - raw

• a



where:

Aor corrected average

Ark raw data averae

S s lopie constant

1-u transmitter e~toil ;nkl

'Fil SIl)CLl~d il A h0 e tilefV flgures sapproximated fronm Fig 32 and isaprx

imately 0.871. Examination of these liL'Lres SIIOx S that thle ax crage vlueL was being tracked at
ap pproxi ma teI y 0. 5 deg elevation w.% hich IwoulId ble OfnIe-i' It Ih o f a beam wid thI for the i

1PACSCAN. This was not a dropout point but caine about b1N thle plisical limitat ions of, thle
test f'acilit% . Fiaure 33 ill ust rates thle improvemenll~lt obtainledI LOOusin this correct ion.

AZIMUTH D)ATA

Figtire 34 presenlts tIme atittiurh angle data obtained for the PACS(AN in) Run1 10. Inl
the ,AIIrnuthi figures that w\ill bie preseilted inl this sction, the average bias, off'set from ,ero
is not im portant s nfo at tempt w\as Iacto obtain peieazin-mu th algmn u I~re 35'

shows tile average and standard deviation for te P.*\S( AN elevation. - i. ;! in). In F-ig 30

the PACSCAN was awain elevated, anld the /ero-elevation reterence was approximately '-1 dcg "o

that the signal xasiliuminat ing the mat. Hieric one sees, a degradationl of thle axe rage. butl tilie
standard deviation re mlains a pprox imatelk lie samte.

Fimzures -37 aitd 38' show the azimuth ajngle datal~ for the TPN-30 onl the mat and cc ated.
Again oiie should note thle bias offset of tlie average is merely a test align ment error and not aill

error inl thle equipment. Comparison of' thle PACS(:\N and TPN-30 a/imut h angle data shows
both tile average and standard deviat ion to bie smoother. It is wkorthl roting, again that thle
rPN-30 is a 2-deg-heanmwidth S\ystem anld thle PACS('AN a 6-deg systeml.

I- VS 2-ps/dee COD)ING

Preliinmary testing onl thle PACS('AN \x stein Axas acconmplishied bet ween 30U April

and 14 MIay 1980X at thle NOS(* Test Range. I) trinig t his period, thle effect of chang1ing tile
spacing of the anla,,Llr e neod inrg front 2 to I de- w as tested, anld thle resi Is were definite

enough111 that tilie tests wAere not repeatl tin rig, thle N ovenimnbr tests.

The results ot' these tests are showni inl Fig 3) and 40. iin which thle ax rages for
thle runs with I - arnd 2-ps deg coding are cornpared. [hIe dco:der was iil t Ire ltmnerihiariced ritode.
and thme transmit iter was on filie imat The st mndard dex iat ions for thle two runs are shown inl
Fig 40. ('arel*ful exam1ination of' time data Shows no0 sigiii fican t differ~ee inl eititer thle
averages or tile stanldard devia tions.

10(



CONCLUSIONS

A. Where elevation angle coverage reqJuiremlents make it nec .ssary to illuminaite
specular multipath reflector with thle elevation beam, miultipath, is, a severe problem, and sonfic
technique must be used to counter the probleml. InI these tests, Hcilar polari/ation W1
thle signal appears to be one adequate, as well as practical, soIlution to thle problem.

B. Incorporating mathematical enhancement techiniquLes to process. the elevation data11
otfers a distinct improvement in thle presence Of specular mlultipathl.

C. Accurate angle data canl be obtained using beamwidths Of Up to 4 deg anld C1nhancc-
ment techniques. thus providing significant reduIctionIs in equlipmnt siZe. U xistinge KLu-Band
eqluipments, such as the AN/SPN-4 I and thle ANTPN-30 MRAALS, have beamwidthN of 2
deg or less.

D. There is no significant difference in accuracy between I- and 2-As deg coding.
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Figure 6. Test range layout.
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APPENDIX A

Elevation Angle Data

Figures A-I t1hr lLh \-A2' , . h I ,pts 1 fr test runs in order, except that runs 9 and
10 were not plotted i,LC 1h\X Ad .tl, due to in error in setting the test equipment.
Each figure Nhoo the J .,, , , 0 J mpleC AN kCli as the standard deviation. Sig-
niticant parameters are iL '' Hr

t~t~l.,4GPij, BLAA~-NOT F1",'g

51



NOIVIABO OHVONV1S

L

C3~ U-a

mCS
itL o

it ~ S

L 0 lln

EL . 4 . a,

C * L (D Ld

gz

0

C>

Ca- w \

S338030G NI NOMdB 3-1NV

52



NOIIVIABO adVONV1S
1m1i1i1 i i ii m i It i i o i 1 1 1 11 1 1

Ca4 -4 mu >

L
0 -

*) >4

/

0 .-4 U7 U) /±

E u < < LUJ

> H > E0
CO0 L 0 ..4 N P LLU

3.'0- N 0 o

z
0

LU

-Jr rH I

S380a I8083T1N

53~



. . ............ .....

NOI1VIA3G O8VONVISis >
k:

1  ii 11111 II

0 D

1.11 0 0 0 "
- " * - -

.. C3 C3

0S
LA) - 17 0

D 8) 3

z .,

c. a 0-

3 ,-4 0 ,-4 N C3

X .LU M LL, <

I

Q(

z 4

NI r--! l--'lNV

z 0<

CL c

0 0

S3381930 NI 8088~3 3719NV

.54



NO1 I iA30 O8VONViS

tsLOc Li, *

L
S -u)> 43

0 8- 0
Ma * f

Ln cm aI 0 C3
.4> E

SL W

z . m

z

( LI
/z

7>>

LILw

S338i930 NI 8083 3 1ONY



NOILVIA30 06YONVIS

tr) Lfl *

* -ru
> 4)

4)1
Ii0) * * 1 -u

Lfl 0

11 4-.1

fL. 0- N 0

E AU < w J
:) -t 0 -N

w -0

)w!
1z

F-W
c'J -4-4 C<

S33&~O NI~O8~331l N
56



NDIIVIA30 ONVONVIS

I ~ ~ ~ ~ ~ L I ~II ~l

] Li

oU 0

C 8 C

w

<0 

0
c~wzwz

~4Q~ N

<.9<

-F-

S338J930 NI 80883 31ONY
57



NOIIYIA3O OdVONVIS

at :m

0 U.

1 4-

+ w

E Un <

c L

L * -4 N 0

wzw<

z

t I nf

CL I J

LO W

N '-4 N4(

S338030 NI 80883 319NV



NO IIVIA3a OUVONYIS
i1111: 5ii i6iiiiii i oi I i i i iI il 11 i

In S >

41) 0

O& CA Z8 1
0 w1

Z . N x
>.' > E 0

wI w L~c0czj

I. -

S338030 NI 80883 319NV



NOIIVIA30 ONIVONVIS

t iI td 111 td tdp a i aa aa t

i~0 -u

>U

a' )
(4J 0 L -Wje

I w

Z~~~ 

zN. 

.t
/w

o 0

0

(0

RS'k I N'.



NOIIYIA30J Od8JNViS

vniQ u C3
L
0 -u

> 4

04) 4)1
m e In

MOM II~~LT >eji
em V-1-4c CQ-

4N

L 0 (A-4

3 11LJ Ce L e 0ou

z

LJL

<4

:>1

(NJ J

S33aS3IC? NI 80883 T13NY

61I

:4I -,



NOIIVIA30 08iVONVIS

U-) *a Lo>

L

>4*

U).0

DLL 6 0a
U) U)

aa CO 0 6

L 06-- 1
0 L) -~ r) U)

z 4 N.. w I I
> - > E 0, 7

6 L S -4 a

-4 - N tg L34
* z

z

-Li

020



NOIIVIA30 08VONVIS

al0

, a )

0 C3

tQ m

Z - N u~

0 L 000

11,

C~j tm

S33800 NI 0883 31ON

03



NOU.VIA30 08VONVIS

to ts
L
* -D

> )0 LL a4
(T) C

S..
LA~SS

c (D 0

L 0 4 LU 0

Lo

zz

U.1)

(14



NOIVIA30 O8VONVIS

Lfl LO *s

> .4t C,, t

S,.
MOLL a0a

(n
CQ ) S

II If

(4-.I' O
L 0 -

E U <, @.i

EL.) -"
W

>4 > E
0 L S

(I I

33-43 0N I rOU mugi
7U..

jjz-
~>iij2I.

S3303 NI 80883 319NY



NOIIVIA30 O0iVONViS

C6 0

-U

in 4 8

lIn In

I f I

* +) Cfl 07 ) : :

L) < < 0 -q N

z

I<

t iii
ZL w

S338930 NI dO~id3 31ONV



NOIIYIA30 08YONYIS

L
* -u
> .4.)

C3 L 0 a
C" U)

'i-4

EU < .- L

z -

t) 0 0 4 o
-J LLJ MI SI, 'U

£ [.

z0

(JJ
~L I

S33830 NI 80 Jd3 31ONY



NOIIVIA30 OSVONVIS
.I ~L .115 . . > Olt

inU *)

m6 4

*1*mm4

V 4-

3 Ii
Z . N

> - >-EC)

I- uiZ

0 Con

z 0

u 0

0-

S338030 NI 80883 31ONV



NCIIVIA30 08VONViS
i11 1 1 + i i i i i i o l i i i i i i

LO m I s
'-4 '-4 W >su

,-D~

44.
0 4) 6

.. l D c

> -A > E LC3

C S L S * 1w
3-4 0 -N ( 3I! < O-

* -.

-n-

.
>&



NOIILVIA30 08YONVIS

mf *s >
"1 00

I.> 4)

0 II

4m ) SM0)r
.. f IW C C

4 > E

4L 0 0
0 4) '--D 3 3 C)

--" 0 -

LLUD U)

I ~ 2 11

S338i930 NI 80883 31ONV
70



NOIlIIA30] 03VQNV1S

U3 LI)
0) 0

> 44)4
U 0) T9

NM t
L. 0 0.--

EC) << W)U

Z * N .I
> -A > E U)

: - 0- N 0)

-J

-1 1
_ LO

S338030 NI 80883 31ONY



NOIILVIA30 08iVONVIS

oh o

4 -D Ti
> .4)

C,-1

C3 0 8~

zC., -4

3 LLW
Z NOrA

>4 -4 EJ

3L z



NOI A30 ONVONViS

U-)C-8 cmcn
t6 L

>4 -VU
> 4)4TO

TOO 8>

*4) 91 >

t-4 0 S.4-

9 0
L>00 4 r- i

S4 -. U N

E U U <
z crt> > 0

( 0 

00( >1
<I-

S338930 N808 31ONY

73~ ..



NOIIVIA30 ONIVONVIS
U)1 4 111 > i 4 1

I 3 035 4

L 00-

-4 -4 / C
cr w : w

0 0)

-'-4



7T

NOIIVIA30 OVONVIS

IIn

,--(n 0,,

* -0
> .4)T

flu

U Ci..
E * w

3 -

Z£ N

3- 0- N

S33B093O N I BOB3 379NV

-'S



NOI.LVIA30 ONVONY1S

0

1* wdC a C
0 -u

IW0 C3

3 ) (nW

c0L 0-4 w
3-0-4 N 03

z

'-4

K. -J

zz
7 IA

I- W
(\j -4 CVN

S338930 NI dIQdW3 31ONV



N011VIA30 ONiYONVIS

C9 C Cdtd0 C3

0 -0
> 4) -

N I I a

0 )-Ci U)
.n *Nc

E -, 14Jtw
0I Mck: w x 5

>1<

S338i930 NI dO&d3 319NY



NOIJNIA30 08YONVIS

N4 '4 ts Q) 0

a oV

> .4

t~s -t
(3 3 0

3 w

> ... > E

w1* K
4 2 (4

zV

S- V



O IIA3 adaNI

In LOi tm t

0 Li

> 4

4--J L 0 0-
4) - U) U

t wI ( N i> ,4 > E

umu

S3303 NI dOd83 319NV



NO IlVI A30 ONIVONVIS

.4. W1 >
Jd t

41'k -.-

ca cm.

L 0

zz

0 -*-H

w uj U)
+ K.IL

( .4.0

Kw

S338I30 NI HJOM3 31ONY
8 0



A PPEN DIX 13T 
S

A IL I U I PMN 1 1-PA( S(A. NT



LUJ

I 0 LUU

0<0
0 C)
H )j

~~<
-Ji

_ _ L

wo~w
CL CC

CC 0 L82

LU-jN4., C/ /-F



LU 0 N

00

Cl) z

LU 0u zw<F-J
0 ))

I.- 0 0
0LU /<<

0 C)-

0 z > Zz
~~4..L 00U C~L

0- P: 2

0 N < Co> 5

LU it 0 n _j 0
-N 2 W L

w~ N 0 0

H 00-

L) (
wL 0~ LU

U )J CY 71 >-II- q9 N *

cc- cc<LU

LO D~c LU 0  ( < - COZ -

0. 0 0= Lu~~U

Ow << 0(90< 0z
"N CLU LU m> -

(n -iLU <<U 0L

LU 2 0 00 0SS



.0 0
cc

Lu 0

0 0
LL Lc Ln I- n

OLUo

-I +i

CY) z

< <
LU 0

< )LL
00

HI WL. fl Lfl LD) Lfl
CLHC 0~ N~ r- 0 N -

0 (N ( N C' C-i cv v' iz0U

0 j0 U

-J uj

CZ CD
0 z L

0 C
w--

X4



F--
0LL

w w7

U85



w

ww QL1~cc~i

o co a.

a z ..:13-
- L

0 >~

Z LL CCO 0

w wu
0 < z L LL w c

w z

0 0 0

OL F
S3i9-I CLHZ1VO

z F-Z



z
2 

N

U) cc

.J 00

cc0 NN N-Z LU LLU

F- Cn -~

m-

O~wzaz
0*w



w

< , 0

. C/) z
F- 0U

U LLZ

U o < 0 0

Qc t w 0
o 3: <ZcrO

U -. LU /

< >- >- c
Cc 0- z~ 0 -~ J

0~~ w LU <wL

m0 00 < 0



CCz
<0 Z 0

i 0 <0

z 4LL0 _;; - Cc o z
(S) - LL, 0 ~u

0

0 LL

0 2U zL

zz

0000 ip
_L LU OLL

>~ z



0 >

H0  9u~ 0
N~ LL) QU

260

wc/:L?(mDL n L

N CD



LO

a-

0 oU

cc LUL:Da

0oU LUI

0 -J j c C
LuiDi LU

L) C/ CLCL c
4 LO <

_ 0 0
Z LU

LU D c

0 0 CC LL 0

0 0 (; --f
XV) LU -COLU wU<

C) C6 ~ CA, z
Z.- 0 C/' -jzu

LU LU ci LUj

z Z Um -J G
-- cc x c g 0

L -J L_ CC0-C
0 D

z z



LL)U

U)U

z LL

U- < <.

L Y) _ULL L:
H 6Z w 0 <

I Z- 0L;Le
< 0H 0..t

~' z 00. 0 JZ L

~ LLJ ( CMC T

Z ZLu < Z LuH z LuJ

>L<~ o:)i o-

0 0 0 0 

0 L) C L) C

L)C &L
D l5 L



Cl)L

(5 0 <
Ce) 

z,

E E~

0

LL. o c

0

C/
LUU

LL 0Ln~

m E LN



AOA-A099 295 NAVAL OCEAN SYSTEMS CENTER SAN DIE6O CA F/G 17/7
NAVTOLANO MICROWAVE SCANNING BEAM TESTS AT NOSC. THREE LANDING --CTCIU)
FEB Al F E MORRIS

UNCLASSIFIED NOSC/TR-646

22 fl l l l f f f f



Co<

(5: z

wovi LL O
LU0

L) 0
z E0c.Ouw

LL 0

CA0

z 0 x i,

Co
ww

cc N-

0(

0 Ly93



APPENDIX C

MRAALS TPN-30

95

- -, No-"



LU

CD,
z N wL

0 CL

E2 m
z z

cc0
LL.Z



00

L) C < I2. zz~

a, 0

w, E

-U C A

wi E C .C

a z,

m4. 02 =

- LU < n'
0

> Z4 .=* . t

a E,

0 .2 - S

a, a

Q ~ .u
>c u c >

0,

< <~

0 3: 
0*cZh



$

1'

4

- tEl
P.



w2

0 LUZ

x LU
-I < Ne Z

Cl, 0 <- < W-j J LU

-i -J

2 LU .j - JLu 0

0O ..' E - j co 0

C0 Li LU LU 0

0d 0 0 01 0wu

c4ccI 4 LUIU

LLU

z> u C/)o LU -2 -J
M -< LU

4LU wc X cc
LU 2> w

(99



U-

z
0

-j- z3
0 0 ui

(0 -0

(~w 0I-i

z < z
Z w

<~~~ w Jc

0) u w
C/) CL J

CL

0 r C 0

0 0' L

100



0 L0
co C

cc 0 a,

0 040

ti +1

Clt,

Cdh

0 D

C0 <4CD

I- LI

Cl) < *

ZL 00 za

oc cc /0

I M



LUU

C,,L

UU

LUU

I-c
zL

U-U- C



2 0

- .~

0 A

2 - (,7 V
~ '~~0 -~

- J~.
p

-~ a

V.
4

o -~
..1

.9
oa~.

0
(a

w
U,

U,

Cd,

C
z
o "-.. A,..

- C)

o

~.

103



L,,

>z

z

wL
LL -u

00

Ui > -2 LU

00'C N0

LA.

104



Il



AA

I.-P.

IC



4 t

* S 4

4 9

El, /

it

ii

'p



w

(Z
z z
LULL p

cn 0-0~ a
0 2 1-- -- z

m z U. 9

I.- =) c 0

o 0. C. c,0 r ou
z. u 0 aC.) LU V) U

u- z U

wU z < o
ow 0 <wO LfZ Dh

LU o0L W~

04<CL-

0' > L

w
z L

0 3
LUL

0o LU

cc W

.j 0 - cco
LU Lu LuLZL
C/i -j 0.

cc < z 0
xJ 00 .

cc08L



LLw

0- 
LiJ

0 m 4 bWS

C4 4

0 0 0

oz z

Q U LJ U

0
uW

wL

- Cfl
0

0 0 CEI

0 u
UO 4

~Qiz

W)c

zj 0
4J Zj~

r." 09



zz
00

00
~0

~~UJ

00
01~

U)a

U,

IL'

00
C.)j

00

41
> ~Z
00

-J Lb 0
N l I

11w



L-
U

-i

-i 9L

-JL

00

0

LL j

LU Xx
IIIL



LL

-J

004LC
DJ

C,) I-

ccI

w
CC)

0.0

C-7D



-lw-

zL

00

U,
0

-Jzw UU W
U < -- i -

LU,

z



LU/
....... cc*

cc /

N~ 0w

z /U

cc

Z -

ccw

1 14



N 0wI < <I

CD 2 cc 2

C- 0z 0EL
0 <

01 F- 0.~ < W-

z N u w < <C
S < < r
z CC H0 O

LU - CC
-j wL 2 D Wj r 0 <

< Z -j D 0
a-I C < C/C/ U 0W
W < CCr < HU (0C

01-z < < 2 H

-I Cr ccc :zL

oc 0 _j -

H OI < -J WU
IL w W 2 LL Wu 00

H z 20 0 20HW W

C.)o Cr < - L r - 0r
0 0 2 C (n < < 0

o <WL L > 2 >W Huz- U 0 < W -J D /)Cr
-cz-j L 0j j 0) cc U) cr

<a.. < WD Nn c L
0L C<2 W L W < L W

w 0 U- 0 W4 H <51 < HD <L C 2  W

w~~ ~ H)( c( 2 H

HO ZW Z 0 00 W~ N ~ -
<0 < i < C- C)0
22 0 CD C N C/) < WC0

< z < LCrW <2 z D

C,' 0 ~ r- W
H> L) LL 0> LU -J >r Cr

OWi 00 u ~ L r W
H WW -J 0 W 2 Hn Hu L z <

wi W 0 = ca w w w ~cc
LLC (n ' Cn > a- 0~ 0 ca ~ 0

115



cr
crLJN x

< (D
CC0 0

-IJ cc

L

< 2i
Cc: - w<O

w <- <

cILI

_z

IL
LU N L<

(j)L >
0 00'4

00

(D/

V)

I I



D

zo D
_ 

0

LL 2
z~ Z

co 01

C)0 , CC~

0 o o 0

it 0CCc W 1 e
7:- + U?~ L fl (D

wL w -

w
o z

z cc
D 0

0
cc c

1 17



LLI

z 0

C/, 0

z LLI
< z

w

ww

0 0

z 0w0

z0 W

LL

4U - -02LJL
C,, c w w I- -

0 Z, _n z Cn
C,~L Lf m

I-LL J 0n

cc0 0 F- 0

W LO W - 13 w X



0 _

D

< 0o

LU U-

N- -JI <r L

wi H ccL 0

D0 ~ 0 -J0 <
LU <C c> 0 L

LU LU LU Di H 0N
LU 0i _L cc

wI w 0 H 0 <<
2< LU-

00 Cr2 C
(n: 0 F- c J
LU cc CrLH L

CO 2 = H
LU Q< 2 Z I

~u <LU (
<. 0H 0 2LU z Z rL LCUr

Hc 0/) LU

-' I <~- U 2 U <H
x 0 z < 0 Cr

i LU F- 2 02Cr
LL F 0Cru < = ±I
<0 CCr 0 Cr LU -L

DD u <
LU 2 LU>- LU Hrj <H CrL Cr <0Ca LU o 0L -j w. >-' L r 0  C

0 F- < 2 2 0 Z CCLU H
CC H U .. Jjw.1 ~ 0 Lfl C/

(n < L D

0D W
CC -~ I/ - L - < z c
* * V) *) wIL0 c U< w(n CL _j . -- i c



INITIAL DISTRIBUTION

NAVAL AIR SYSTEMS COMMAND

ADPO 18 ()

AIR-9500 (2)

AIR-53355B

AIR- 53355C
AIR.53343 (2)

NAVAL ELECTRONIC SYSTEMS COMMAND

NELEX-520

NELEX-5403

NELEX-5203 (2)

NAVAL AIR DEVELOPMENT CENTER

CODE 6014

NAVAL AIR TEST CENTER

CODE SA-71

CODE SA-73

NAVAL ELECTRONIC SYSTEMS ENGINEERING
ACTIVITY, ST. INIGOES

CODE 022 (2)

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

AMES RESEARCH CENTER

MS210-0 (2)

NAVAL AIR ENGINEERING CENTER

CUTLER-HAMMER INC
AlL DIVISION

COMAC ROAD

DEER PARK, NY 17729

SINGER-KEARFOTT DIVISION

150 TOTOWA ROAD

WAYNE, NJ 07470

ANALYTICAL MECHANICS ASSOCIATION. INC.
MOUNTAIN VIEW, CA 94042

DEFENSE TECHNICAL INFORMATION CENTER (12)



DATE

,.IL.MED


